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ABSTRACT AND LIST OF KEY WORDS

This document provides launch vehicle operational trajectory
data for the Apollo 12 AS-507 G Mission. Trajectory and flight
sequence data are presented for all powered flight phases and
for parking orbit and preseparation translunar coast. Trajec-
tory data for the spent S§-IC, S-II, and S-IVB stages are also
presented. Recommended launch vehicle guidance presettings and
targeting presettings for the launch vehicle flight program

are included, as is identification of trajectory data contained

on magnetic computer tapes delivered by The Boeing Company to

MSFC prior to release of this report.

Primary emphasis of this report is for the September 13, 1969,
launch day. Trajectory printout is provided for a launch azi-
auth of 78.051 degrees.  Representative mission and trajectory
data are presented for other launch days in the September launch
window.
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__mission. The launch days considered in this analysis are

September 13, 15, and 18, 1969. The launch vehicle trajectory
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S INTRODUCTION

Trhe Apollo 12 As;séﬁ?éfight is the seventh mission of the Saturn

- V vehicle and the fifth manned Saturn V mission. Targeting

okjectives for the September launch window are for a G-type

is designed to inject the Apollo 12 spacecraft onto a circum-
lunar trajectory. The boost to translunar orbit consists of
ccmplete burns of the S-IC and S-II stages, and two partial
burns of the S-IVB stage. Spacecraft separation from the launch
vehicle occurs prior to 2 hours after translunar injection.
Pcst-separation spacecraft operations include an evasive maneuver

- away from the S~IVB/IU, deboost into a lunar orbit, manned lunar

landing, ascent from the lunar surface and docking, transearth
injection by the CSM, and atmospheric reentry and splash. Post-
separation launch vehicle operations include maneuver to a sling-

- shot attitude, propellant venting, dump, and APS engine burns to

achieve a slingshot orbit, and coast past the trailing side of
the moon into solar orbit.

This report presents trajectory and mission-related groundrules
and constraints, a mission description, a launch vehicle trajec-
tory description and data summary, an operational sequence of
€évents, vehicle configuration data including weight and perfor-
mance data, propellant-reserve and flight-profile envelopes,
launch vehicle guidance and targeting presettings including the
primary tilt program, and representative trajectory data for all
launch vehicle boost and coast phases of flight,

Xxix
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SUMMARY

The data of this analysis substantiate that the AS-507 launch
vehicle, as defined by vehicle descriptive data provided for
this analysis, is capable of achieving all mission and launch
vehicle objectives and constraints, Launch vehicle performance
reserves are adequate to meet all mission objectives in the
presence of three-sigma dispersions. Launch vehicle response
to the guidance and targeting presettings is adequate to inject

the Apollo 12 spacecraft onto the desired translunar trajectory.

Although detailed S-IVB lunar slingshot analyses are not in-
cluded in the scope of this analysis, all nominal trajectories
verified achieve lunar slingshot and earth escape.

XXX
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SECTION 1l

- MISSION DESCRIPTION

1.0 APOLLO 12 MISSION SUMMARY

~ The Apollc 12/AS-507 G mission is a manned Lunar Landing Mission

- = (LLM). This document provides mission and trajectory data for
the September 1969 launch month. Launch days considered are

eptember 13, 15, and 18. The primary launch day considered is

peptember 13, Targeting objectives for these days are for high-

periselenum free-return trajectories consistent with the "hybrld“
The hybrid mission profile is
Periselenum altitudes for these 3 days
and 1100 nautical mlles, respectlvelg.

| in Figure 1-1.

proximately 100, 200,

marize the sun/earth/moon/trajectory relationship. The ephemeral
- X-Y plane is the mean equatorial plane of the earth, and the

is p01nts toward the vernal equinox (approx1mately toward

he first point of Aries). The ephemeral Z-axis is normal to

1e X-Y plane and is pOSltlve in the direction of the North
le. Right ascension of the moon at the time of lunar arrival,
— a5 summarized in Figure 1-2, is the geocentric angle between the
-y plane projection of the moon position at arrival and the X-
; Lurar decllnatlon at arrival, summarlzed 1n Flgure 1-3,

X

—ueséiifé,d the X-Y plane.

— The earth—moon dlstanee at spacecraft (SC) perlselenum for
- o ~ ~ Sgptember 1969 is summarized in Figure 1-4. The composite
WTT”VﬁﬁOLlO 12/A5-507 G lunar ephemeris and trajectory projection

in the geocentric ephemeral X-Y and X-Z planes are presented in
~— Figures ] 5 and 1-6, respectively.

1.1  LAUNCH VEHICLE MISSION DESCRIPTION

Tde launch Vehlcle (LV) operational mission consists of the
. foll 1ng fllght phases-

a, Launch and boost to earth parkLng orbit (EPO)  This phase N
consists of complete burns of the S-IC and S-II stages, and e
- a partlal burn of the S-IVB stage. o

- b. Coast in a circular parking orbit. Approximately two or
"~ three revolutions are made while subsystem checkout is per-
formed.

swmeaso— tion (TLI) during one of two injection opportunities from
- parking orbit.

¢, 5-IVB stage relgnltlon and boost to translunar orbit injec-

11O 0 o 0
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1.1 (Continued)

d. Command and Service Modules (CSM) separation, transposition,
and docking with the Lunar Module (LM)/S-IVB, and CSM/LM
separation from the S-IVB/Instrument Unit (IU) during post-
TLI coast.

e. S-IVB dumping and safing operations after CSM/LM separation
to cause the expended S-IVB/IU to pass behind the moon's
trailing side and into a solar orbit.

The simulated Apollo 12 AS-507G vehicle is launched from Pad 39B
of the Kennedy Space Center. The range of launch azimuths is.
72 degrees to 108 degrees east of north. The actual flight
azimuth is determined just prior to launch from a launch-day-
dependent polynomial of launch azimuth as a function of launch
time. The variations of launch azimuth with launch time for the
September 1969 launch window are presented in Figure 1-7. The
prime launch time for September 13 is 10:37 GMT (5:37 AM E.S.T.)
and the corresponding flight azimuth is 78.051 degrees. This
launch time is chosen to provide natural lighting at Cape
Kennedy for the launch.

For launch in accordance with these September daily launch win- B
dows, TLI occurs over the North Pacific Ocean. The operational ‘)
trajectory groundtrack through TLI+7 hours is presented in -
Figure 1-8 for launch on September 13, 1969, along a 78.051-

degree launch azimuth with first-opportunity injection. The

envelope of groundtracks for the boost to earth parking orbit

is presented in Figure 1-9 for the full 36-degree launch azi-

muth range. The envelopes of TLI-boost groundtracks for Sep-

tember 13, 15, and 18 are presented in Figures 1-10, 1-11, and

1-12, respectively.

Significant trajectory events and event times are presented in
the critical event sequence of Table 1-I. Flight times shown

in this table are for launch along a 78.051-degree azimuth on
September 13, 1969. However, events referenced to a timebase

in this table are applicable with respect to that timebase for
all launch days and azimuths. Flight times for azimuth-dependent
critical events for a September 13 launch are summarized in Table
1-IT. A summary of trajectory parameters at key events is pre-
sented in Tables 1-III through 1-VIII for launch on September 13.

1.2 APOLLO 12 MISSION OBJECTIVES

The Apollo 12 G mission is a lunar landing mission. Achievement

of the primary G mission launch vehicle objectives requires that

the launch vehicle inject a manned Apollo CSM and LM onto a

translunar orbit. The primary Manned Space Flight (MSF) objec~ N
tive for the G mission is to perform a manned lunar landing and I
return (Reference 1).
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jé?b's) support the'ptimary

= a.* Perform seIenologlcal 1nspect10n and sampllng

— b, Obtaln data to assess the capablllty and limitations of the
o astronaut and his equipment in the lunar surface environ-
ment. )

Marshall Space Flight Center DTO's have not been assigned
but may be assigned later to investigate anomalies that occur
on AS-505 and AS-506 flights.

== 1.3 APOLLO 12/AS-507 CONSTRAINTS

— Apollo 12 mission constraints are derived from the data of
- References 1, 2, and 3 and reflect current design crlterla
—— Trajectory proflle constraints are as follows:

a. Launch shall occur along an azimuth of not less than 72
""'degrees and not greater than 108 degrees east of north

b, TLI w1ll be performed durlng the second revolutlon of Earth
Parklng Orbit (EPO). If system status precludes nominal

1n]ectlon during the second’ revolution, 1nject10n durlng

the third revolution of EPO will be possible.

c. TLI targetlng will place the SC on a free-return c1gggm-"'

lunar trajectory and, when a hybrid trajectory is required,
will be constrained to provide a maximum perilune altltude

of 1500 nautical miles.

S ___Launch vehlcle _constraints are as follows:

a. The caew-commanded S-IVB attitude rate 11m1ts are 0.3 degree/
B - second in pitch and yaw, and 0.5 degree/second in roll. -
= " These rate limits are the same for EPO coast and for post- o
B TLI coast modes.

L. Nomlnal acceleration during S-IC boost shall not exceed
- 4,049 s.'

Co The PU system (8-I1 and S5-IVB stages) w1ll be open loop.

o d. The 5-1IVB w1ll be malntalned in a safe condltlon.
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1.3 (Continued)

Spacecraft-imposed LV operat

5551 (1)-7

ional constraints are as follows:

a. Continuous MSF Network (MSFN) coverage is desired from the

initiation of the preign
S-IVB cutoff.

b. MSFN coverage is desired
minutes after initiation

c. MSFN coverage is desired
after termination of the

Lunar surface visibility and

a. The lunar surface at the
nauts' field of view for
touchdown.

b. At the time of landing,
local horizontal at the
13 degrees,

1.4 AS-507 LAUNCH VEHICL

Launch vehicle trajectory de
the AS-507 operational traje
4, 5, 6, and 7 and are consi
in Paragraph 1.3. Critical
Enumerations a through u.

a. The S-IC outboard engine
specified in Engineering
cant is initialized 20.0
There are no nominal eng

b, Extrusion-rod soft-relea
Reference 8 are implemen
Forces for 8 rods are si

c. Buoyancy and trapped air
of trapped air is 760 me
6831 meters3.

d. Prior to the S-II mixtur
outboard engines are can
After S-II MRS, the engi
as specified in Referenc

ition sequence until 3 minutes after

from 1 minute before until 3
of the dumping and safing sequence.

from 1 minute before until 3 minutes
dumping and safing sequence.

lighting constraints are as follows:

landing site will be in the astro-
at least 120 seconds prior to

the sun elevation referenced to the
landing site will be between 5 and

E TRAJECTORY DESIGN GROUNDRULES

sign groundrules used to define
ctory are presented in References
stent with the mission constraints
groundrules are summarized in

s are canted radially outward as
Change Request ABUE-686. The
seconds from timebase 1 (TBl).

ine misalignments.

se-mechanism forces defined in
ted in the boost-to-EPO trajectory.
mulated.

efficts are simulated. The volume
ters”, and the buoyant volume is

e-ratio shift (MRS), the S-II

ted radially outward 0.35 degree.
nes are canted outward 0.65 degree
e 9.

W

i'hé, _:Jé
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(Continued)

The orbit insertion and injection times occur 10 seconds
after S-IVB guidance cutoff commands.

Timebase 5 is set 0.210 seconds after S-IVB first guidance
cutoff signal (GCS1).

‘pimebase 7 is set 0.210 seconds after S-IVB second guidance

cutoff signal (GCS2).

Orbital guidance is initiated 20.210 seconds after the S5-IVB
guidance cutoff signal for parking orbit insertion and trans-

lunar injection.

A constant roll torque of a positive (clockwise as viewed
from the rear) 10 newton-meters due to engine turbine is
simulated during S-IVB powered flight.

The nominal AS-507 S-IC tilt program is generated for mean
September through November winds. '

An average September/October 50-percentile wind is used in
nominal trajectory simulations.

The Aerodynamic Heating Indicator (AHI) maximum design limit
for the S-IC tilt polynomial is 676.7 X 106 newtons/meter-
radian at S-IC/S-II separation.

Thrust buildup for all stages and thrust decay for the §-1IC
and S-II stages are as specified on the propulsion tapes.
S-IVB thrust decay is as specified in Reference 10.

The simulated S-IVB axial-force coefficient is 2.0 during
boost and coast phases of flight. The simulated S-IVB nor-
mal-force coefficient is 0.0. The aerodynamic reference
area is 370.0 square feet.

Post-injection vent~-thrust, and mass-flowrate simulations
are based upon the data of Reference ll.

The variation of launch azimuth with launch time for the
September 15 launch window cannot be fitted by a 3-segment
polynomial to a fit tolerance of 0.02 degree. The procedure
used for fitting this function is that defined in Groundrule
9 of Reference 12.

The simulated slingshot AV for September 13 is 35.0 mete;s/
second. The slingshot attitude is 210, 0, 180 degregs pitch,
yaw, and roll relative to the local horizontal coordinates.
The time of slingshot AV application is 9058 seconds after

ccs2.
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{Continued)

S-I1 expanded IGM logic is simulated as specified in AS-507
FPCR 507-4 (unapproved).

Simulated body attitude rate limits during the TD&E maneuver
are 0.7 degree/second pitch, yaw, and roll donsistent with
FPCR 507-6 (unapproved). All other simulated orbital rate
limits are 0.3, 0.3, and 0.5 degree/second pitch, yaw, and
roll. :

o
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" TABLE 1-II.  AZIMUTH-DEPENDENT CRITICAL EVENT SEQUENCE

FOR 13 SEPTEMBER 1969

©° ~ EVENT

Mach 1

Maximum Dynamic
_Pressure

) . rb"' .
Begin x Steering*

Begin Chl Freeze**

. -IVB First Guidance

Cutoff (GCS1)

FIRST OPPORTUNITY

Begin S-IVB Restart
_Preparations; TB6*

Initiate J-2 Fuel Lead

S-1VB 90% Thrust
Initiate IGM*
IGM MR Shift*
Becin % Steering*

Begin Chi Freeze**

NOMINAL TIME FROM FIRST MOTION

- 78.051°

0:01:04:750
(64.750)

0:01:20.125
(80.125)

0:10:51.000

_ (651.000)

0:11:18.625

(678.625)

0:11:25.654

(685.654)

2:45:12.000

(9912.000)

2:54:42.,000
(10482.000)

2:54:52,500
(10492.500)

2:54:56.500
(10496.500)

2:56:32,500
(10592.500)

3:00:04.500
(10804.500)

3:00:30,750
(10830.750)

Hr:Min:Sec
(Seconds)

90°

0:01:04,750
(64.750)

0:01:20.250
(80.250)

0:10:51.000

~ (651.000)

0:11:17.000

(677.000)

0:11:24.008

(684.008)

2:41:21,000
(9681.000)

2:50:51.000
(10251.000)

2:51:01.500
(10261.500)

2:51:05.500
(10265.500)

2:52:41,500
(10361.500)

2:56:13.500
(10573.500)

2:56:41.375
(10601.375)

. *Denotes Simulation Major Cycle Occurrence Time.
**last Time that Minor-Loop Chi is Updated.

108°

0:01:04.75

0:01:20.125

(80.125)

0:10:52,750
(680.375)

0:11:27.262
(687.262)

2:32:25.625

(9145.625)

2:41:55.625
(9715.625)

2:42:06.125
(9726.125)

12:42:10.125
(9730.125)

2:43:46,125
(9826,125)

2:47:18.125
(10038.125)

2:47:44,375
(10064.375)

(64.750)

0:11:20.375



TABLE 1-IT,

EVENT

FIRST OPPORTUNITY

S-IVB Second Guidance
Cutoff (GCS2)

SECOND OPPORTUNITY

Begin S-IVB Restart
Preparations; TB6*
Initiate J-2 Fuel Lead
S-IVB 90% Thrust
Initiate IGM¥*

Y ,
Begin X Steering*

Begin Chi Freeze**

S-IVB Second Guidance
Cutoff (GCS2)

D5-15551(I)-7

(Continued)

AZIMUTH-DEPENDENT CRITICAL EVENT SEQUENCE
FOR 13 SEPTEMBER 1969

NOMINAL TIME FROM FIRST MOTION

78.051°

3:00:33.049
(10833.049)

4:13:53,750
(15233.750)

4:23:23.750
(15803.750)

4:23:34,250
(15814.250)

4:23:38,250
(15818.250)

4:28:32.250
(16112,.250)

4:28:58.500
(16138.500)

4:29:00.857
(16140.857)

Hr:Min:Sec
(Seconds)

90°

2:56,42,870
(10602.870)

4:10:01.000
(15001.000)

4:19:31.000
(15571.000)

4:19:41.500
(15581.500)

4:19:45.500
(15585.500)

4:24:39.500
(15879.500)

4:25:07.375
(15907.375)

4:25:09.078
(15909.078)

*Denotes Simulation Major Cycle Occurrence Time,
**Last Time that Minor-Loop Chi is Updated.

108°

2:47:46,351
(10066.351)

4:01:01,250
(14461.250)

4:10:31.250
(15031.250)

4:10:41.750
(15041.750)

4:10:45.750
(15045.750)

4:15:39,750
(15339.750)

4:16:06.000
(15366.000)

4:16:07.702
(15367.702)

ey
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— SECTION 2

— TRAJECTORY DESCRIPTIéﬁiAND DATA

2.0 BOOST TO EARTH PARKING ORBIT

— The simulated AS-507G flight is launched from Pad 39B of the

o Kennedy Space Center. A launch azimuth range of 72 to 108
degrees is used for lunar missions. The actual vehicle flight

o azimuth within this range is computed just prior to launch from

— : a launch-day-dependent polynomial of launch azimuth as a func-

tion of launch time. The vehicle body axes are aligned for a
9CG-degree launch azimuth at liftoff.

o Following launch, the vehicle rises 138 meters vertically to
= &lezr the launch umbilical tower. During vertical rise, a yaw
maneuver is executed to increase the lateral distance between
the vehicle and the tower., After clearing the tower vertically,
—_ the pitch and roll programs are initiated. The roll program
, aligns the vehicle body axes with the computed flight azimuth.
o -~ The pitch program provides a near-zero-lift trajectory that
~— == "satisfies vehicle performance, heating, and loads requirements.
Maximum dynamic pressure is encountered approximately 80.1
, onds after first motion. S-IC center-engine cutoff (CECC)
—— js timer commanded 133.602 seconds after liftoff (timebase 1) .
~— Timecbase 2 initiation is coincident with the S-IC CECO command.
itch tilt arrest begins 158,250 seconds after first motion: -
The S-1C outboard engine cutoff (OECO) command is initiated by
B ‘propellant-depletion sensors. The nominal cutoff command is
— initiated by LOX-depletion sensors at 159.914 seconds after

- ﬁ;g§t'métion. Simulated timebase 3 initiation is 0.01 second
after the S-IC OECO command. e 23 :

|
I
e}

‘ullage-rocket ignition is commanded 0.5 second after time-
= ... _ - baga 3. S§-IC retrorocket ignition and structure severance are
commanded 0.2 second later. Structure severance is complete
i 0.77 second after timebase 3 initiation, and nominal S-IC/S-II
- staging occurs 160.694 seconds after first motion. S-II igni-
— tion occurs 2.4 seconds after timebase 3 initiation, and thrust
: buildup to 90-percent thrust nominally requires 2.0 seconds
from the ignition event. The 5-I1 aft interstage is jettisoned
. 30.7 seconds after timebase 3 initiation. The Launch Escape
— : Tower (LET) is jettisoned by crew command after assurance that
$-IT ignition and thrust buildup have occurred. The simulated
—— time of LET jettison is 36.2 seconds after timebase 3 initia-
:T* tion. The Iterative Guidance Mode (IGM) is enabled 40.6 seconds
after timebase 3 initiation, and provides steering commands
éuring the remainder of launch vehicle boost flight. A switch
___selector signals the S-II stage center engine to shut down at
566.0 seconds after timebase 3 initiation. '
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2,0 (Continued) ,m§

The IGM continuously adjusts the time remaining in the first
stage of iterative guidance based upon the filtered values of
F/M data, and upon the preset value of characteristic velocity
to be gained during S-II stage flight before and during the
first stage of iterative guidance. After the IGM-calculated
thrust, based upon filtered values of F/M, drops below 85 per-
cent of the nominal anticipated thrust, the IGM also adjusts
the anticipated acceleration during the second stage of itera-
tive guidance. The S-II stage propellant utilization (PU)
system operates in an open-loop configuration. Initiation of
the S-II mixture-ratio shift (MRS) is commanded by the LVDC

at the end of the first stage of iterative guidance. The approx-
imate S-II LOX/LH, flowrate mixture ratios used are 5.5 before
the mixture-ratio shift and 4.2 after the shift. The S-II
engine-cutoff command is jnitiated by propellant-depletion sen-
sors. The simulated cutoff command for the outboard engines is
initiated by LOX-depletion sensors at 548.419 seconds after
first motion. Simulated timebase 4 initiation is 0.01 second
after the S-II engine cutoff command.

S-IVB ullage-rocket ignition 1is commanded 0.7 second after time-
base 4 initiation. S-II retrorocket ignition and structure
severance are commanded 0.8 second after timebase 4 initiation.
Severance is complete 0.885 second after S-II cutoff, and nomi-
nal S-II/S-IVB staging occurs 549.304 seconds after first motion. ,
S-IVB ignition occurs 3.0 seconds after timebase 4 initiation, -
and thrust buildup to 90-percent thrust nominally requires 2.5

seconds from the ignition event. Expended S5-IVB ullage-rocket

cases are jettisoned 12.8 seconds after timebase 4 initiation.

The S-IVB stage PU system operates in an open-loop configura-

tion during boost flight. The approximate S-IVB LOX/LHy flow-

rate mixture ratio used during the S-IVB first burn is 4.9.

i

Vehicle insertion into a circular 100-nautical-mile altitude
(referenced to the earth's equatorial radius) parking orbit
occurs at the end of the S-IVB first burn period. S-IVB stage
cutoff (GCS1l) is commanded by the guidance system when the de-
sired cutoff conditions are achieved. Timebase 5 initiation
is simulated 0.21 second after GCS1l, and the time of parking
orbit insertion is defined as 10.0 seconds after GCSl. The
earliest time of parking orbit insertion is 694.008 seconds
and corresponds to a launch azimuth of 90 degrees. The latest
time of parking orbit insertion is 697.595 seconds and corre-
ponds to a launch azimuth of 72 degrees.

Profiles of vehicle altitude, radius, velocity, inertial flight-
path angle, inertial heading angle, range, F/M, angle of attack
(a), dynamic pressure (q), ?qal product, axial force, normal
force, and aerodynamic heating indicator are presented in
Figures 2-1 through 2-17 for the EPO-boost phase of flight.

& ,:‘:
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- 2.1 COAST IN EARTH PARKING ORBIT

The vehicle coasts in earth parking orbit for up to three revo-
Jutions while subsystems checkout is performed. During coast
— in parking orbit, the vehicle orbit is continuously perturbed
py Auxiliary Propulsion System (APS) burns, aerodynamic drag,
1nd thrust from the propulsive hydrogen vents. The hydrogen
A mass loss from parking orbit insertion to the nominal time cf
- sacond-oppertunity restart preparation 1is approximately 3257
pounds for a 78.051-degree azimuth launch on September 13.

The inclination of the parking orbit relative to the equator
and the descending nodal angle relative to the inertial launch
meridian are computed from polynomials of flight azimuth. The
combination of inclination and node computed for each flight
azimuth causes minimum yaw steering during the boost to parking
orbit. The maximum and minimum parking orbit inclinations asso-
ciated with the 72 to 108 degrees launch azimuth range are
33,139 and 28.464 degrees. Incremental descending-node longi-
tudinal angles decrease from 123.191 to 57.403 degrees as the
launch azimuth increases from 72 to 108 degrees. The variations
cf time of parking orbit insertion, the orbit inclination, and
-~ -~ -the descending nodal angle across the 72 to 108 degrees launch
zzimuth range are shown in Figures 2-18 through 2-20. Time his-

tories of altitude and velocity during parking orbit are shown

in Figures 2-21 and 2-22 for launch azimuths of 78.051, 50, and
108 degrees. N

2.2 TRANSLUNAR INJECTION BOOST

mhe time to initialize restart preparations for the S-~1IVB stage
is established by restart-geometry criteria. Variation of the
time to initiate restart preparations (timebase 6 initiation)

during the September 13 launch window is shown in Figure 2-23.

_The helium heater (05/H, burner) is ignited 42.0 seconds after
_-- timebase 6 initiation, and the propulsive hydrogen vent is
- closed 0.2 second later. The APS ullage motors are started
196.3 seconds after timebase 6 initiation, and 0.5 second later,
ES— the helium heater is cut off. J-2 fuel lead occurs at timebase
- 6 nius 570.0 seconds and marks the initiation of the J-2 re- o
B start sequence. The APS ullage motors are cut off 3.0 seconds I
later. J-2 engine ignition occurs 8.0 seconds after J-2 fuel

o lead initiation. The thrust buildup period from J-2 ignition
until 90-percent thrust is nominally 2.5 seconds. TLI-boost
IGM is enabled 4.0 seconds after the nominal time of 90-percent
thrust. -

A programmed propellantfflowratg,mixture-ratio shift occurs

100.0 seconds after the nominal time of 90-percent thrust during
———— ____ the first-opportunity burn. The LOX/LH, flowrate mixture ratios

2-3 R
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2.2 {Continued)

are approximately 4.3 before the shift and 4.9 after the shift.
The second-opportunity S-IVB burn does not have a mixture-ratio
shift and the full boost duration occurs at a flowrate mixture
ratio of approximately 4.9. S-IVB second cutoff (6cs2) is
guidance commanded when the translunar hypersurface is achieved.
Timebase 7 initiation is simulated 0.21 second after GCS2, and
translunar injection is defined to occur 10.0 seconds after GCs2.
A summary of timebase 6 and GCS2 times for the September launch
window is presented in Table 2-I.

Profiles of altitude, inertial velocity, inertial path angle,
inertial heading angle, angle of attack, F/M, and radius are
presented in Figures 2-24 through 2-37 for both September 13
translunar injection opportunities. The variations of the tar-
geted hypersurface-defining parameters C3 (twice the specific
energy of the translunar orbit), cosine ¢ (cosine of the angle
between the target vector and perigee of the translunar orbit),
translunar orbit eccentricity, target-vector right ascension,
and target-vector declination for the September 19369 launch
window are presented in Figures 2-38 through 2-44.

2.3 PROPELLANT RESERVES SUMMARY

The variation of usable propellant reserves available at GCS2
during the September 13 launch window is shown in Figure 2-45,
The usable propellant remaining at GCS2 for the September 1969
launch window is summarized in Table 2-II.

Flight Performance Reserves (FPR) compensate for launch vehicle
and environmental perturbations. FPR is calculated as the
root-sum-square of negative launch vehicle mass dispersions

at GCS2. These dispersions are determined from available esti-
mates of launch vehicle subsystem and environmental 30 pertur-
bations. Assuming normal distribution, availability of the re-
quired reserves provides 99.865 percent assurance that the launch
vehicle has the performance capability to complete the targeted
mission. . The Dispersion Analysis for the AS-507 G mission is
presently incomplete; however, an approximation of the required
reserves can be obtained from the AS-506 G Mission Dispersion
Analysis (Reference 13). The AS5-506 G Mission Analysis specifies
an FPR requirement of 2924.8 pounds of propellant (2266.8 pounds
of LOX and 658.0 pounds of LHj).

2.4 COAST IN TRANSLUNAR ORBIT AND SLINGSHOT OPERATIONS

The simulated translunar-orbit S-IVB coast-phase attitude and

vent timeline is presented in Table 2-III. Following S-IVB cut-
off, the translunar orbit is perturbed by a propulsive hydrogen
vent that lasts for 15 minutes. After the hydrogen vent closes,
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(Continued)

"~ the vehicle maneuvers to the commanded TD&E attitude and this
attitude is maintained inertially throughout TD&E operations.
aAfter spacecraft separation is completed, the S-IVB stage maneu-
vers to the slingshot attitude, a constant attitude relative to
local horizontal coordinates. The retrograde velocity required

e to achieve S-IVB slingshot past the trailing side of the moon

— ~and into a solar orbit is provided by propulsive hydrogen vent-

— ing, a LOX dump through the J-2 engine, and an APS ullage-motor
burn. o T _

The S-IVB spent-stage trajectory is simulated from the time of
'LV/CSM separation until 250 hours after launch. The slingshot
4V is applied instantaneously at 9058 seconds after GC52, Varia-
— tion in S-IVB mass during the slingshot propulsive operations
== from launch day to launch day and across each launch window
e causes the slingshot AV to be variable. A single value of AV
- is simulated for each launch day; for September 13 the simulated
“yalue is 35.0 meters/second. A different slingshot attitude is
“Implemented for each launch day. “The slingshot attitude is main-
tained relative to the local horizontal coordinate system through-
cut slingshot operations. The slingshot attitude simulated for
launch on September 13, 1969 is specified in Table 2-III. The
' slingshot AV magnitude and vehicle attitude are obtained from
o ‘Reference 7. All nominal September 13 trajectories for which
slingshot operations are simulated result in S-IVB lunar sling-
— shot and earth escape. S-IVB radius at periselenum for Septem-
- ber 13 launch is presented in Figure 2-46.

Midcourse correction velocity requirements (TLMC AV) at 1 hour
and 50 minutes after translunar injection are presented as a
function of launch azimuth for September 13 launch in Figure
2-47 and for the September launch window in Table 2-IV. TLMC

AV values presented in Table 2-IV for launch on September 15

T ~and 18 are based upon preliminary trajectory simulations that

do rot include the refinements defined in Reference 7 and minor
data corrections. However, implementation of these simulation
fefinements results in only minor changes to values of TLMC AV.
The desired TLMC AV is 6.1 meters/second and is consistent with
the planned spacecraft evasive maneuver. Spacecraft midcourse
correction velocity requirements at 7 hours after TLI following
S overspeed cutoff and the spacecraft separation/evasive maneuver
are presented in Figure 2-48 and Table 2-V. The spacecraft sep-
aration/evasive maneuver is simulated at 1 hour and 50 minutes
after TLI as an instantaneous AV of 20 feet/second applied in a
: local-horizontal-referenced direction of -75.0 degrees pitch and
. 0.0 degrees yaw. Translunar flight times for the September launch
== window are shown in Figure 2-49,.

|
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2.5 SPENT-STAGE IMPACT POSITIONS

The spent S-IC and S-II stages are jettisoned during nominal
launch vehicle boost flight to parking orbit and impact in the
Atlantic Ocean. Approximate masses of these pieces at impact
are 363279 pounds and 102178 pounds for the S-IC and S-II stages,
respectively. Nominal impact positions for these stages are
established by simulating impact trajectories with the effects
of aerodynamic drag for each stage from the stage jettison
positions on the nominal trajectories for flight azimuths of
72, 78.051, 90, and 108 degrees. The computed impact positions
and impact ranges from the launch site are presented in Table
2-vI, Spent stages jettisoned during nominal flight impact at
approximately the same range from the launch site regardless of
the launch azimuth used (Figure 2-50).

An inflight malfunction during S-IVB first burn that requires

or causes preorbital J-2 engine shutdown may result in S-IVB/
IU/LM impact on the African Continent, Madagascar, or neighboring
islands. The vacuum impact traces across Africa resulting from
premature J-2 engine shutdown during previously nominal flight
along launch azimuths of 72, 78.051, 90, and 108 degrees are pre-
sented in Figure 2-51.

An inflight malfunction resulting in J-2 engine shutdown during
the S-IVB second burn does not result in land impact. The S-IVB
instantaneous perigee altitudes resulting from S-IVB second-burn
thrust loss during previously nominal flight are presented in
Figures 2-52 and 2-53 for both reignition opportunities for
launch on September 13 along an azimuth of 78.051 degrees.

2.6 " FLIGHT PROFILE ENVELOPE

A statistical analysis of the effects of 3-sigma variations in
launch vehicle systems characteristics and environmental condi-
tions for the AS-507 G mission is not presently available. For
certain parameters, however, the 3-sigma statistical variations
are not expected to vary significantly from vehicle to vehicle.
AS-507 dispersions of these parameters are expected to be approxi-
mately the same as the dispersions generated during the analysis
of the AS-506 G mission (Reference 13). Application of the AS-
506G dispersions to the nominal AS-507G trajectory for 78.051
degrees launch azimuth and launch on September 13 results in

the flight profile envelopes at parking orbit insertion and
translunar injection presented in Tables 2-~VII and 2-VIIT.
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TABLE 2-1I,. TIMES OF TIMEBASE 6 AND SECOND S-IVB CUTOFF ;;D
(GCS2) FOR THE SEPTEMBER LAUNCH WINDOW
TRAJECTORY FIRST OPPORTUNITY SECOND OPPORTUNITY
Date/Azimuth TB6 GCS2 TB6 GCs2
September 13, 1969
72° 9979,625 10899.855 15302.375 16208.410
78.051° 9912.000 10833.049 15233,750 16140.857
gle* 9868,000 10789.378 15188.875 16096.383
90° 9681.000 10602,870 15001.000 15909.078
99c°* 9418,250 10339.846 14737.250 15644.950
108° 9145.625 10066.351 14461.250 15367.702
September 15, 1969
72°% 10213.375 11133.572 15534,.375 16440.222
gleo* 10198.500 11119.563 15520.500 16427.797
9Q°* 10114.875 11036.393 15434.875 16342,737
99¢°* 9725.500 10646.851 15044.500 15952.026
108°%* 9351.875 10272.715 14667.875 15574.183
September 18, 1969 o,
720% 9961.375 10882.178 15270.375 16176.570 N
gleo* 9828.500 10750.616 15146.500 16053.958
90°* 9619.875 10542.560 14938.875 15846.825
99°%* 9345.500 10267.938 14659.500 15567.160
108°%* 9074.875 9996.174 14375.875 15282.595
*The GCS2 times for these dates and azimuths are based upon the
times published in Reference 26, but are adjusted to reflect the
differences in burn time noted during preparation of improved
simulations of September 13 trajectories for azimuths of 72, 90,
and 108 degrees,
-
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A

TABLE 2-II. SUMMARY OF PROPELLANT REMAINING AT GCS2 FOR
SEPTEMBER 1969 LAUNCH WINDOW

LOX - LHp Total Usable*
Femaining Remaining Propellant Propellant
in Tanks in Tanks Remaining Remaining
and Lines and Lines in Tanks & in Tanks

Launch Azimuth/ at GCS2 at GCS2 Lines at at GCS2
Date Opportunity (1b) (1b) GCS2 (1b) (1b)
9/13/69  72°/1 5465 2260 7725 6271
72°/2 5316 2236 7552 6094
78.051°/1 5917 2364 8281 6827
78.051°/2 5667 2319 7986 6528
glo/1** 6066 2402 8468 7014
Blo/2** 5788 2352 8140 6682
90°/1 6246 2471 8717 7263
90° /2 5937 2414 8351 6893
990 /1% * 6023 2470 8493 7039
99° /%% 5756 2421 8177 6719
o 108°/1 5400 2390 7790 6336
f: 108° /2 5282 2369 7651 6193
9/15/69  72°/1%* 5480 2223 7703 6249
720 /2% % 5393 2212 7605 6147
— glo /1%* 6191 2372 8563 7109
— glo /2%* 5872 2313 8185 6727
90°/1%* 6386 2426 8812 7358
9Q° /2%%* 6024 2359 8383 6925
9ge /1 k% 6121 2437 8558 7104
990 /2% 5826 2383 8209 6751
= 108°/1%* 5353 2344 7697 6243
- 108°/2%% 5339 2346 7685 6227
— '9/18/69  72°/1*%* 5239 2216 7455 6001
720 J2%% 5254 2228 7482 6024
E—— T Blo/1** 5772 2348 8120 6666

= Blo/2%* 5808 2363 8171 6713
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TABLE 2-II. SUMMARY OF PROPELLANT REMAINING AT GCSZ2 FOR
SEPTEMBER 1969 LAUNCH WINDOW (Continued)

LOX LHy Total Usable*
Remaining Remaining Propellant Propellant
in Tanks in Tanks Remaining Remaining
and Lines and Lines in Tanks & in Tanks

Launch Azimuth/ at GCS2 at GCS2 Lines at at GCSs2

Date Opportunity (1b) (1b) GCS2 (1b) (1b)

9/18/69 90°/1** 5922 2415 8337 6883
9Q°/2%* 5989 2435 8424 6966
99° /1** 5688 2414 8102 6648
990 /2 %% 5772 2437 8209 6751
108°/1%** 5171 2354 7525 6071
1080 /2*%% 5175 2361 7536 6078

* Based upon propellant residuals in the tanks and lines at
nominal LOX-depletion cutoff for 72 degrees flight azimuth
on September 13, 1969. LOX residuals at cutoff are 423
pounds for both first and second opportunity TLI boost.
LH, residuals at cutoff are 1031 and 1035 pounds for first
an% second opportunity, respectively.

** The LOX and LH) residuals for these dates and azimuths are
based upon the residuals published in Reference 26, but are
adjusted to reflect incremental differences in LOX and LHjp
residuals noted during preparation of improved simulations
of September 13 trajectories for azimuths of 72, 78.051, 90,
and 108 degrees. '



TABLE 2-III.

TIME

TE7 + 0.0 SEC

+ 0.5 SEC

T™B7 + 899.8 SEC

~ TB7 + 900.0 SEC

 TB7 + 7200.0 SEC
(IB3 + 0.0 SEC)

+ 20.0 SEC  Initiate maneuver to a

D5-15551(1) -7

TRANSLUNAR CRBIT ATTITUDE ANDJVENT TIMELINE

EVENT

Maintain commanded cutoff inertial attitude.

H, Continuous Vent on.

7 nd maintain local
horizontal attitude. Simulated rates in
this maneuver are as follows:

0.3°/Sec Pitch
0.3°/Sec Yaw
0.5°/Sec Roll

‘Hz Continuous Vent off.

Initiate maneuver to CSM separation atti-
tude. The separation attitude is specified

‘relative to local horizontal coordinates;

the commanded attitude is the inertial atti-
tude corresponding to the specified local
attitude at TB7 + 900 seconds. Simulated
vehicle rotation to this attitude is at 0.7
degree per second in pitch, yaw, and roll.

The attitudes of transpdSitiBﬁ;idoéking,

and ejection for the September 1969 launch
window are as follows: ' g

ROLL

PITCH  YAW

LAUNCH
DATE (DEG) (DEG) (DEG)
- 13 and 15 September 120.0 40.0 180.0
18 September 120.0 -40.0 180.0

Maneuver to and maintain the slingshot atti-
tude. The simulated slingshot attitude
angles for 13 September 1969 launch are
210, 0, 180, degrees pitch, yaw and roll.
These angles are commanded and maintained
relative to local horizontal coordinates.
Simulated rates in this maneuver are as
follows:

0.3°/Sec Pitch
0.3°/Sec Yaw
0.5°/Sec Roll




TB8
TB8
TB8

TBS8

TB8
TBS8

TBS8

TABLE 2-ITIT.

+

+

+

+

TIME

0.4 SEC
720.0 SEC
1020.2 SEC

1858.0 SEC

2800.0 SEC
3700.0 SEC

3705.0 SEC

D5-15551(I) -7

TRANSLUNAR ORBIT ATTITUDE AND VENT TIMELINE
{Continued)

EVENT
H, Continuous Vent on.
Begin LOX Dump.
End LOX Dump.

Apply slingshot AV, (Simulation of LOX
Dump, LH2 Vent, and APS thrust is performed
instantafieously.) The simulated AV magni-
tude for 13 September 1969 is 35.0 meters
per second.

APS Ullage Ignition.
APS Ullage Cutoff.

Initiate maneuver to and maintain communi-
cations attitude of the following:

180° Pitch
0° Yaw
180° Roll

These angles are commanded relative to local
horizontal coordinates. Simulated rates in
this maneuver are as follows:

0.3°/Sec Pitch
0.3°/Sec Yaw
0.5°/5ec Roll
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TABLE 2-IV. MIDCOURSE CORRECTION VELOCITY REQUIREMENTS
1 HOUR AND 50 MINUTES AFTER TLI FOLLOWING
OVERSPEED CUTOFF FOR THE SEPTEMBER LAUNCH

WINDOW
First Second
Launch Date Azimuth Opportunity Opportunity
o - ' (m/sec) (m/sec)
September 13, 1969 72 6.075 5.525
IR 78.051 6.099 5.282
81* 6.058 5.926
90 6.378 5.455
99* 6.341 ' 6.154
108 6.400 5.905
September 15, 1969 72% . 6.347 6.206
T 81* 6.039 6.026
90% 5.884 6.005
99* 6.143 6.012
108* 6.327 6.468
September 18, 1969 72% 6.024 6.064
C B : : - 81%* 5.973 6.007
e T : 90* 5.945 - 6.012
B 99* 6.126 5.999 o

108* 6.347 6.162 e

#The TLMC AV values for these dates and azimuths are as published
“in Reference 26, Improved trajectory simulations prepared for
Séptember 13 for launch azimuths of 72, 78.051, 90, and 108
degrees differ in TLMC AV requirements by less than 1.0 meter
per second from TLMC AV values presented in Reference 26.
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~ pzimuth
(deg)
72.0

78.051

'EVASIVE MANEUVER FOR 13 SEPTEMBER 1969

D5-15551(1) -7

SPACECRAFT MIQCOURSE CORRECTION VELOCITY
REQUIREMENTS 7 HOURS AFTER TLI FOLLOWING
OVERSPEED CUTOFF AND SPACECRAFT SEPARATION/

~ First Opportunity Second Opportunity
- (n/sec) (m/sec)

0.449
0.465
0.848

0.686
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SECTION 3

OPERATIONAL VEHICLE AND ENVIRONMENT CHARACTERISTICS

3,0 GENERAL __

This section deflnes AS- 507 Taun nch vehlcle ch terlstlcs used
in this analy51s:7'These characteristics are categorlzed as
~configuration, aerodynamics, propulsion, mass, navigation,
guidance, control, and environmental data, and are presented in
Paragraphs 3.1 through 3.5.

3.1 VEHICLE CONFIGURATION SUMMARY

The basic AS-507 launch vehicle flight conflguratlons used during
flight from liftoff through slingshot operations are shown in
Flgtre 3-1. The first three flight conflguratlons are identified
by the main booster stage being used; i.e., S-IC stage configura-
tion, S-II stage configuration, and S-IVB stage conflguratlon.
"The flnal LV flight configuration is the S-IVB stage and Instru-
‘ment Unit. Configuration dimensional data, initial mass charac-
teristics, and cutoff performance characteristics for the flrst

three conflguratlons are summarlzed in Table 3-I.

The S-IC stage configuration is powered by five clustered F-1
engines that burn liquid oxygen (LOX) and RP-1 (Kerosene} at an
approximate flowrate mixture ratio of 2.3. A time history of
S -I1C malnstage thrust is presented in Flgure 3 2.

englnes that consume LOX and 11qu1d hydrogen (LH2) - Two_ ba51c

propellant mixture ratios are used: a LOX/LH; flowrate mixture
io of approximately 5.5 is used for the first 322 seconds of

it
,11 mainstage operation, and a LOX/LH2 ratio of approximately

ﬁ 2 is used durlng the remainder of S-II stage flight. The S-II

- stage center engine is shut down by a timer command at 299.0

ds after timebase 3 initiation. A tlme hlstory of S-II

stege ‘thrust is presented in Figure 3-3. S-II stage config-
iration modifications result from inflight jettison of the S-II
aft 1nterstage and the Launch Escape Tower (LET). Jettison of

theWe pleces causes 51gn1f1cant dlscrete mass losses. .

Q ‘\\'3:

The S-IVB stage configuration is powered by a 51ngle J-2 engine
using LOX and LH, as the propellants. The LOX/LH flowrate
mixture ratio used during the boost to parking orbit (S-IVB first
burn) is approximately 4.9. The second burn of the S-IVB stage
boosts the vehicle out of parking orbit onto the targeted trans-
lunar hypersurface. The S-IVB stage propellants are nominally
loaded for the second- -opportunity translunar 1n3ectlon burn so

PO
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3.1 (Continued)

that a mixture-ratio shift is required during the first-
opportunity injection boost to evenly deplete the fuel and

LOX. The LOX/LH2 flowrate mixturé ratio during the S-IVB first-
opportunity injection boost is approximately 4.3 during the first
100 seconds of burn, and 4.9 during the remainder of the burn.
The mixture ratio during the second-opportunity S-IVB burn is
approximately 4.9 during the complete burn duration. Time
histories of S-IVB mainstage thrust for the first and second

burn phases and two injection opportunities are presented in
Figures 3-4 through 3-6.

Shortly after injection, the Command and Service Modules sep-
arate from the LM/S-IVB, transpose, and dock with the LM.

During CSM first separation, the Spacecraft LM Adapter (SLA)
panels are Jjettisoned. After CSM/LM ejection from the launch
vehicle, the remaining S-IVB/IU configuration is the final LV
flight configuration. This configuration performs post-separation
launch vehicle operations including the slingshot maneuver,

3.2 AERODYNAMICS

AS-507 flight-vehicle and spent-stage aerodynamic characteris- t}

tics used in this analysis are obtained from the following
sources:

a. Vehicle axial-force coefficients as functions of Mach
number and angle of attack for the S-IC and S-II stage
flight configurations are obtained from References 14 and
15, respectively. S-IVB stage flight configuration data
are consistent with Reference 6 (See Section 1.4).

b. Normal-force coefficients and center-of-pressure data as
functions of Mach number and angle of attack are obtained
from References 16 and 17 for the S-IC flight configuration,
from Reference 15 for the S-II flight configuration, and
from Reference 6 for the S-IVB flight configuration.

C. Base-pressure force as a function of flight time for the
S-IC flight configuration is obtained from Reference 16.
The differential base pressure as a function of altitude
for the S-IC stage is given in Reference 14. Base-pressure
force for the S-II stage configuration is obtained from
Reference 18 as a function of time.

d. Drag coefficients for tumbling launch vehicle spent stages
are obtained from Reference 15.

;Wlm.:"
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3.3 PROPULSION AND MASS

Malnstage propuls1on characterlstlcs used in thls analy51s for
the S-IC, S-II, and S-IVB stages are obtained from MSFC tapes
numbered 31101, 32381, and 31104, respectively. Total mainstage
thrust profiles for these stages are presented in Figures 3-2
through 3-6. Specific propulslon parameters that are necessary
for stage performance comparisons are presented in Table 3-II
for the s-IC, S IT, and S~ IVB stages.

S-IC thrust, referenced to sea-level atmospherlc pressure, is
averaged over the time interval from first motion to the nearest

thxust shown in Table 3-II. The thrust is averaged at the

tervals that appear on the nom1na1 S-IC propu151on tape. The
7;evel turbine exhaust thrust at first motion is also obtained _

tape. The average flowrate is base on the weight
between first motion and the nearest integer second

CO minus any aux111ary weight losses during S-IC burn.

. The average specific impulse is determined from the average
malnstage thrust and average flowrate. The total impulse is
determined from the average mainstage thrust and the time inter-
val specified. S-IC average values of thrust, specific 1mpulse,

and total impulse referenced to sea-level condltlpns are sig-

n*flcantly smaller than values based on inflight atmospheric
condltlons.

S-II and 5-IVB stage propu151on parameters are determlned for
the following t1me intervals:

a, S-II 90- percent thrust to S- II outboard—englne
b, S-IT 90—percent thrust to 90-percent thrust + 29
c. S -II 90- percent thrust to 90—percent thrust + 32

- d. S -IT 90 percent thrust + 325,0 seconds tvoutboard-englne:

' _cutoff. N
 S-1IVB flrst burn: 90—percent thrust to S IVB GCs1.

iy

S-1IVB second burn - first opportun1ty~

1. 90—percent thrust to S-IVB GCS2.
2, 90-percent thrust to 90-percent thrust + 100.0 seconds.
3. 90 -percent thrust + 101. 0 seconds to GCSZ

11yl

g. S-IVB second burn - second opportunlty 90- percent thrust
to S-IVB GCS2,

The S-II and S-IVB vacuum thrust levels are averageéﬁat 1- secondrw
intervals over the periods specified in Enumerations a through
g. Other S-II and S-IVB propulsion parameters are obtained by

the same technlques used for the S-IC stage.
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3.3 (Continued) . g -

Thrust histories during S-IC/S-II and S-II/S-IVB staging events
are presented in Figures 3-7 and 3-8. The data of these figures
provide a composite history of mainstage thrust decay, ullage
thrust, and mainstage thrust buildup. Thrust histories for
first- and second-burn S-IVB thrust decays, the S-IVB restart
sequence, and S-IVB thrust buildup after reignition are pre-
sented in Figures 3-9 through 3-12,

During the coast in parking orbit and during coast from trans-
lunar injection until the time to begin the maneuver to the
transposition, docking, and ejection (TD&E) attitude, APS
ullage-motor burns and propulsive hydrogen venting are used to
maintain propellant seating and to control LH; tank pressure.
LHy vent thrust histories during parking orbit and early post-
TLI coast are presented in Figures 3-13 and 3-14.

AS-507 launch vehicle mass characteristics are simulated using
data contained in MSFC mass data decks numbered 362A, 362B,
362C, and 362D. The simulated mass history at key events during
the mission is defined in Table 3-III, Vehicle mass values
shown in Table 3-III after S-IVB first cutoff do not agree with
the reference data because of differences in the propulsion-
predicted and simulated-trajectory S-IVB burn times.

3.4 NAVIGATION, GUIDANCE, AND CONTROL

The interrelationship between the navigation, guidance, and
control subsystems is presented in Figure 3-15. These three
subsystems operate as a unit to provide stabilized launch
vehicle flight and to achieve the desired mission objectives.

The ST-124M3 inertial platform provides gimbal angles and _
measured velocity components through the Launch Vehicle Data
Adapter (LVDA) to the Launch Vehicle Digital Computer (LVDC).
Gravitational acceleration components as a function of vehicle
position are determined from a gravity model in the LVDC.

These components are integrated once by a trapezoidal method and
are then added to the platform velocities to obtain geocentric
inertial vehicle velocity. A second integration is then per- .
formed to yield vehicle position components. Platform velocities
are differentiated, and the reciprocal of the launch vehicle
thrust-to-mass ratio (F/M) is computed. During IGM phases of
flight, the vehicle position, velocity components, and the
reciprocal of F/M are input to the guidance equations.

A four-segment, open-loop tilt polynomial provides the pitch
attitude profile during S-IC stage flight., A tilt-arrest mode
of flight is initiated at 158.250 seconds after first motion.

Vs

u,
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3,4 (Continued) -

Tilt arrest continues until the time of S-II stage IGM initiation,

approximately 41.3 seconds after S-IC outboard-engine cutoff.

A tilt-arrest mode is also used during S-II/S-IVB staging. IGM
is employed during both burns of the S-IVB stage and provides
cutoff commands at GCS1 and GCS2., Steering-misalignment-

correction angle increments are added to IGM pitch and yaw com-
mands after IGM initiation to improve vehicle flight performance.
IGM is reenabled during the translunar injection burn 14.5
seconds after lead thrust initiation.

The total pitch and yaw steering commands in pre-IGM and IGM
phases are input to minor-loop servicing of the digitized atti-

,tude dlfference angles. The attltude difference angles are

through ‘the LVDA to provide analog signals to the control com-

puter. The vehldle commanded and actual pitch and yaw attitudes

- after minor-loop servicing are presented during the boost-to-
oarklng orblt phase of fllght 1n Flgures 3 16 through:3 -27.

The IGM steering parameters xy, XZ' Kl and K3 are presented in
Figures 3-28 through 3-31 for the S-II stage and in Figures 3-32
through 3-35 for the S-IVB stage first burn. The time-to-go in
the third stage of IGM, T3, is shown 1n Figure 3-36 for the first
5--IVB burn,

The vehicle commanded and actual pitch and yaw attitudes after
minor-loop servicing for the first- and second-opportunity S-IVB
second burns are presented in Figures 3737 through 3-44. The

torrespondlng IGM steering parameters, xy, Xz, K1, and K3 are
presented in Figures 3-45 through 3-52, 1IGM times-to-go during
the two boost-to-TLI opportunities are presented in Figures 3-53
and 3~54,

" The control computer processes and combines the attltude -error

and attitude-rate signals according to the control law to gen-
erate the control commands for each engine actuator. The essen-
tial elements of the flight-control computer needed to generate
the actuator commands for powered flight are identified in Figure
3-55, The associated angular llmltS are also shown. .

Gimbaling the engines provides pitch, yaw, and roll control for
the S-IC and S-II stages. One gimbaled engine provides pitch

~and yaw control for S-IVB powered flight., An Auxiliary Propul-

sion System (APS) provides roll control during S-IVB powered and
coast flight and also provides pitch and yaw control during coast
fl;ght.

Flight control computer filters shape the attitude-error and
attitude-rate signals to achieve phase and gain stablllzatlon.
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3.4 (Continued) -

Inflight adjustment of control gains is accomplished by switching
in scaling resistors at discrete times during flight. The
vehicle body attitude rates predicted for the three stages of
powered flight are shown in Figures 3-56 through 3-65.

Simplified models of the guidance system filters compatible with
the vehicle model are used in the rigid-body simulation program.
The gains and filter configurations implemented are shown in
Table 3-IV. (See References 19 and 20.)

An ideal actuator model is considered adequate for this simula-
tion. Engine and actuator identification nomenclature is pre-
sented in Figure 3-66. Predicted S-IC, S-II, and S-IVB nozzle-
position time histories for both the pitch and yaw planes of
motion are shown in Figures 3-67 through 3-80.

3.5 ENVIRONMENT

The reference atmosphere for the AS-507 Launch Vehicle Opera-
tional Trajectory is obtained from Reference 21. The operational
trajectory is simulated in a mean 50-percentile September/
October wind. The winds used in the trajectory simulation for
the 72 through 82.5, 82.5 through 97.5, and 97.5 through 108
degrees launch azimuths are shown respectively in Figures 3-81
through 3-83. {(See Reference 22.)
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TABLE 3-1I. NOMINAL AS-507 FLIGHT CONFIGURATION
s=-IC S-II S-IVB
Stage Stage Stace
Flight Flight Flight
Configu- Configu- Configu-
ration ration ration
Length
Meters 110.65 59.67 34.83
(Feet) (363.02) (195.77) (114.27)
Ciameter
Meters 10.06 10.06 6.6
(Feet) (33.0) (33.0) (21.7)
Initial Mass of Flight
Configuration
Kilograms 2900960. 658532, 165244,
(Pounds) (6395523.) (1451815.) (364301.)
*Initial Prcpellant Mass
of Operating Booster -
Stage ﬁ}
Kilograms 2108565. 444303. 105805. i
(Pounds) (4648591.) (979520.) (233260.)
*Initial Inert Mass of
Operating Booster
Stage
Kilograms 132822, 36957. 11956.
(Pounds) (292822,) (81476.) (26359.)
Inertial Velocity at
Engine Cutoff
Meters/Second 2760.661%t 6988.734+ 7791.386%
(Feet/Seccnd) (9057.286) (22928.917) (25562,289)
10838.811++
(35560.403)
10840.589+t+
(35566.236)
Altitude at Engine Cutoff
Meters 69405.+ 191151.+ 190629, ¢+
(Feet) (227707.) (627136.) (625423.,)
322708.++%
(1058753.)
320286, ttt
(1050807.) ™
*Initial Characteristics are for Ground Liftoff. oy

+78.051° Launch Azimuth.
++78.051° First-Opportunity Restart 13 September 1969.
+++78.051° Second-Opportunity Restart 13 Septemrber 1969.
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a. The guidance presettings OMEGA and T2I are deleted.

 D5-15551(I) -7

SECTION 4

LAUNCH VEHICLE GUIDANCE AND TARGETING PRESETTINGS

4.0 LAUNCH VEHICLE GUIDANCE PRESETTINGS

Guidance presetting requirements for the Launch Vehicle
Flight Program are established by Reference 23. A list of
presettings to be prepared for this mission are specified in

Reference 4. Boost-to-earth-parking-orbit guidance presettings
and definitions are presented in Table 4-I. Translunar-

~injection-boost guidance presettings and definitions are
presented in Table 4-II. The presetting values presented in

these tables are Boeing-recommended values consistent with
vehicle characteristics and trajectory data presented in
Sections 2, 3, and 5.

The nominal tilt polynomial for the AS-507 mission is generated
for mean September through November winds. Polynomial coeffi-
cients and segment switch times are included in Table 4-I.
Simulated minor-loop pitch-attitude commands resulting from

use of this polynomial are presented in Table 4-III and in
Figure 3-16. The method used to establish the minor-loop
pitch-attitude commands is discussed in Reference 24.

4.1 LAUNCH VEHICLE TARGETING PRESETTINGS

Targeting presettings are the launch vehicle guidance preset-
tings that are dependent upon launch date and launch azimuth.
These presettings are furnished on PRESET tapes for mission
analysis studies, and are punched on octal cards for input to
the LVDC. Discussions of the techniques used in generating
these presettings, procedures used to verify them, and Flight
Program implementation logic are contained in Reference 25.
Identification of AS-507G PRESET tapes is presented in Section
5. Definitions of targeting presettings used as inputs to the
Flight Program are presented in Table 4-IV. Presetting values
contained in Table 4-IV are for September 13, 1969 launch.
These values are typical of all targeting presettings data,
but are valid only for this specific launch date. A complete
listing of the octal-card presettings for the September 1969
launch month is provided in Table 4-V. ) o

Guidance and targeting presettings and values presented in
Tables 4-I, 4-II, 4-IV, and 4-V are identical to those pub-
lished in Reference 26 with the following exceptions agreed
upon at the Reference 27 technical meeting:

r



4.

1

D5~15551(I)~7.

(Continued)

The sign of the value for H is changed to be consistent
with Flight Program logic.

The scale factor on the octal card for PAD is changed
from 25 to 0.

Values for the TD&E pitch, yaw, and roll attitude angles,
formerly not available, have been added.
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TABLE 4-III1. MINOR-LOOP CHI COMMANDS

TIME FROM MINOR-LOOP
TIMEBASE 1 CHI (DEG)
11.852 : - 0.29151
12.727 - 0.37823
13.602 - 0.47282
14.477 - 0.57650
15.352 - 0.69042
16.227 - 0.81565
17.102 - 0.95321
17.977 - 1.10404
18.852 - 1.26899
19.727 - 1.44887
20.602 - 1.64438
21.477 - 1.85620
22,352 ~ 2.08489
23.227 - 2.33097
24.102 - 2.59488
24.977 - 2.87698
25.852 - - 3.17757
26.727 - 3,49688
27.602 - 3.83505
28.477 - 4.,19218
29.352 - 4.56827
30.227 - 4.96326
31.102 - 5.37703
31.977 - 5.80937
32.852 - 6.26001
33.727 - 6.72860
34.602 - 7.21251
35.477 - 7.69612
36.352 , - 8.17133
- 37.227 ' - B8.65457
38.102 - 9,14522
38.977 - 9.64269
39.852 -10.14639
40.727 -10.65579
41.602 ~11.17037
42.477 -11.68963
43,352 -12.21311
44.227 -12.74037
45,102 -13.27100
45,977 -13.80461
" 46,852 -14.34084
47.727 -14.87935
48.602 -15.41985
49.477 ~15.96205
50.352 -16.50570
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TABLE 4-III. MINOR-LOOP CHI COMMANDS (Continued)

TIME FROM MINOR-LOOP

TIMEBASE 1 CHI (DEG)
51.227 ' -17.05057
52,102 -17.59645
52.977 -18.14319
53.852 ~18.69062
54.727 -19.23862
55.602 ' -19.78711
56.477 -20.33601
57.352 -20.88529
58.227 -21.43492
59.102 -21.98491
59.977 -22,53532
60.852 -23.08619
61.727 -23.63762
62,602 -24.18973
63.477 -24,74267
64.352 -25.29659
65.227 -25.85170
66.102 -26.40823
66.977 -26.96641
67.852 -27.52653
68.727 -28.08187
69.602 -28.59730
70.477 -29.11361
71.352 -29.63348
72.227 -30.15792
73.102 -30.68785
73.977 -31,22398
74.852 -31.76689
75.727 : -32.31702
76.602 -32.87462
77.477 -33.43983
78.352 -34.01260
79.227 -34.59274
80.102 -35.17991
80.977 : -35.77361
81.852 -36.37318
82.727 -36.97783
83,602 -37.58660
84.477 -38.19836
85.352 -38.81186
86.227 -39.42567
87.102 ' -40.03822
87.977 -40.64778
88.852 -41.25247
89.727 -41.85024
90.602 -42,43892
91.477 '-43.01616
92.352 -43.57945
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TABLE 4-III. MINOR-LOOP CHI COMMANDS (Continued)

TIME FROM MINOR-LOOP
TIMEBASE 1 CHI (DEG)
93.227 . -44.12616
== 94,102 . -44.65347
E— 94.977 , -45,15842
95,852 -45.63790 -
96 .727 -46.08791
97.602 -46.51240
98.477 -46.97201
— 99,352 -47.42389
- 100.227 -47.86815
101.102° -48.30492
101.977 -48.73431
102.852 -49.15643
103.727 -49.57140
104.602 -49.97935
105.477 -50.38039
106.352 -50.77465
107.227 -51.16223
108.102 ~-51.54328
108.977 -51.91790
109.852 ~52.28622
. 110.727 -52.64837
! 111.602 ~-53.00446 .
— B 112.477 ~-53.35463 -
— 113.352 ' ~53.69900 -
= 114,227 -54.03770
115.102 -54,37085
115.977 -54.69858
116.852 -55.02102
117.727 , -55,33830
118.602 -55.65055
119.477 ~55.95790
120.352 -56.26048
121.227 -56.55843
122,102 -56.85187
122,977 , -57.14094
123,852 ~-57.42578
R 124,727 -57.70651
125.602 : , -57.98328
126.477 -58.25622
127.352 -58.52546
128.227 -58.79115
= 129,102 -59.05342
- 129.977 -59,31242
— 130.852 - -59.56828
= : 131,727 -59.82113
o 132.602 -60.07114

¥




TABLE 4-III.

TIME FROM

TIMEBASE 1

133.477
134.352
135.227
136.102
136.977
137.852
138.727
139.602
140.477
141.352
142.227
143.102
143,977
144.852
145.727
146.602
147.477
148.352
149.227
150.102
150.977
151.852
152.727
153.602
154.477
155.352
156.227
157.102

D5-15551(1)-7

MINOR-LOOP CHI COMMANDS (Continued)

MINOR-LOOP

CHI (DEG)

-60.31842
-60.56314
-60.80542
-61.04542
-61.28327
-61.51913
-61.75314
-61.98545
-62.21620
-62.,44554
-62.67362
-62.90059
-63,12660
-63.35180
-63.57634
-63.80038
~-64.02406
-64.24754
-64.47098
-64.69452
-64,91833
-65.14256
-65.36737
-65.59291
-65.81935
-66.04684
-66.27554
-66.47256
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